Abstract An epidemic scale of the breast cancer (BC) prevalence is actually recognised as the reality of the early twentyfirst century. Particularly alarming is that the sporadic BC (about 90% of all patients) creates currently unpredictable subpopulations in terms of disease predisposition, development and progression. Despite broad discussions run since years in BC area, no any plausible approach has been suggested so far to get the overall situation better controlled in the populations. Here, we present highly innovative concepts considering investigation of specific syndromes and symptoms underestimated till now in relationship with BC predisposition and development. Consequently, the purpose of our pilot project was to evaluate the prevalence of Flammer Syndrome (FS) in BC patient cohort. The results achieved here support the main hypothesis of the project clearly demonstrating the tendency of BC patients to the increased prevalence of FS symptoms compared to the disease-free individuals. Our study strongly indicates the relevance of FS symptoms for BC pathology such as feeling inadequately cold, deficient thermoregulation, altered sensitivity to different stimuli, potential dehydration, altered sleep patterns, tendency towards headache, migraine attacks and dizziness. Moreover, the symptoms' appearance is specifically linked to the individual BC subtypes. Potential mechanisms interconnecting FS with BC pathology are discussed.
Introduction
An epidemic scale of the breast cancer (BC) prevalence is actually recognised as the reality of the early twenty-first century [1] . Further, it has been demonstrated that more than 50% of all BC cases are well preventable, where modifiable risk factors play the major role in the disease predisposition and development [1] . The Bfamilial BC^cases characterised by the inherited genetic component dominating in the disease aetiology, comprise not more than 10% of the entire BC patient cohort that represents only the tip of the whole BC Biceberg^. In contrast, the main body of this iceberg is represented by so-called Bsporadic BC^comprising about 90% of cases. Particularly alarming is the actuality that specifically sporadic BC creates currently unpredictable subpopulations in terms of all three factors, namely disease predisposition, development and progression. Despite broad discussions run since years in BC area, no any plausible approach has been suggested so far to get the overall situation better controlled in the populations.
However, on a positive note, potential solutions start to be crystallised at the multiprofessional level now [2] , such as the urgent necessity to introduce -innovative screening programmes focused on the young subpopulations (teenagers +) obligatory considering an interplay between contributing internal and external risk factors -investigation of specific syndromes and symptoms underestimated till now in relationship with BC predisposition, development and progression -new approaches for more precise/personalised patient phenotyping and stratification -creation of the pathology-specific individual patient profiles, multilevel diagnostics approaches, novel biomarker patterns -advanced educational measures for both professionals and general population strongly focused on an effective prevention of sporadic BC.
Actual research article follows the above-listed recommendations contributing specifically to the point Binvestigation of specific syndromes and symptoms underestimated till now in relationship with BC predisposition and development^. The facts and hypotheses which motivate and justify this research work have been recently presented in the review article BFeeling cold and other underestimated symptoms in breast cancer: anecdotes or individual profiles for advanced patient stratification?^ [2] . In brief, we summarise here the most issue-relevant considerations. As it has been explained in detail in the above noted review article, individual symptoms listed below have been described in the literature in the context of BC, namely, -deficient thermoregulation -feeling inadequately cold -persistently cold extremities -altered sensitivity to different stimuli: pain, thirst, smell, light, stress provocation (including internal and external stress factors) -dehydration -altered circadian and sleep patterns -tendency towards headache, migraine attacks and dizziness -tendency towards abnormal BMI -altered endothelin-1 blood patterns -local and systemic hypoxic effects.
H o w e v e r, a l l t h e s e p h e n o m e n a a r e s t r o n g l y underinvestigated and consequently underestimated in the overall BC management. On the other hand, the above-listed symptoms are characteristic for the Flammer Syndrome (FS) phenotype extensively described in 2014 by the dedicated research group [3] . FS is described for both healthy individuals in suboptimal health condition and severely diseased patients [4, 5] . Consequently, our particular interest to FS in the context of BC research and management may be formulated as follows:
-Onset of FS symptoms is observed early in life (puberty) -FS is more typical for young women -Systemic molecular events characteristic for FS are evidently involved into effective BC cancer advancement [5-8] -Local and systemic hypoxic effects caused by vascular dysregulation may strongly predispose FS-individuals to the formation of Bpremetastatic niches^described as the Bfertile^microenvironment for particularly aggressive BC subtypes characterised by quickly progressing metastatic disease [1] .
The actual article investigates the prevalence of FS in individual subtypes of BC versus BC-free individuals.
Materials and methods

Flammer syndrome diagnostic approach
The Flammer Syndrome (FS) describes the phenotype of people with a predisposition to an altered reaction of the blood vessels towards different stimuli such as cold provocation and emotional stress. Frequent symptoms are the following ones: cold hands and/or feet; low blood pressure; prolonged sleep onset time; reduced feeling of thirst and increased sensitivity to odour, pain, vibration and certain drugs. Frequent signs are altered gene expression, prolonged blood flow cessation monitored by the nailfold-capillaroscopy after the cold provocation and reduced autoregulation of ocular blood flow. FS occurs more often in females than in males, in thin than in obese individuals, in young than in old people, in academics than in blue collar workers and in subjects with indoor than outdoor jobs [3] . FS influences the regulation of retinal venous pressure [9] that is well described for the glaucoma pathology [10] . FS has been functionally linked to the retinal vein occlusion [11] . FS plays a role in the pathology of retinitis pigmentosa [12] . Symptoms of FS have been described in patients suffering from multiple sclerosis [13] .
The FS questionnaire applied to the actual study has been developed at the University Hospital Basel, Switzerland. It is based on the knowledge currently available and collected since the phenomenon has been described [3, 14, 15] . The actual version of the FS questionnaire has been successfully applied to study different populations [16] , FS symptomatic in retinitis pigmentosa [17] as well as in multiple sclerosis [13] and other clinically relevant patient cohorts [18, 19] . With the permanently growing knowledge about the FS, the dedicated questionnaire should be, further, adapted and improved.
Actually applied questionnaire comprises 15 questions altogether describing the most relevant FS symptoms, namely, -breast cancer (BC) main types stratified as luminal, Her2-positive and triple-negative ones -benign breast fibro-adenoma (FIA), free of breast cancer and any other malignancy -healthy individuals free of breast cancer and any other malignancy.
Altogether, 155 patients have been recruited for the current study divided into the following groups: 73 breast cancer-free (21 FIA and 52 healthy) and 82 breast cancer-diseased individuals stratified as luminal (51), Her-2 positive (13) and triple-negative (18) BC. All participants have been informed about the purpose of and their rights as participants in the study. All investigations conformed to the ethical principles outlined in the Declaration of Helsinki. More details regarding each group recruited and examined are provided below.
Healthy controls
All these individuals have been clinically examined attesting an absence of gynaecological problems and interviewed personally for the study during their hospital outpatient visit. BCfree condition has been confirmed either by breast sonography or mammography or both imaging approaches. The examination reports used were not older than 6 months. Healthy controls demonstrated no history of any previously diagnosed breast pathology, no surgery performed due to breast lesions and no history of any severe gynaecologic disease including cancer other than breast malignancies or any systemic diseases such as diabetes mellitus, rheumatic diseases and neurological disorders.
Breast cancer and FIA patients
About 90% of these patients have been selected in the database and then contacted telephonically by an authorised person who have explained the meaning/rules of the study and interviewed the responders through the entire questionnaire. Ten per cent of these patients have been personally contacted and interviewed during their stay at the clinic. Imaging technologies have been applied for the first choice of the entire diagnostic procedure: digital mammography Hologic system, 2D + 3D sonography-Voluson USG system E8 and E10 machine, Birads 0-6 classification scoring system with double reading of the radiologic approach. In case of positivity, the affected patients have undergone the biopsy analysis (either core needle or Mammotome's vacuum-assisted). Contextually, BC diagnosis has been confirmed by core needle biopsy prior to surgery or during surgery by frozen section in cases with non-palpable lesions, non-reachable lesions for biopsy prior to surgery and small lesions not indicated to core biopsy (stereotactic, core needle or Mammotome). The preoperative diagnosis of breast cancer was a part of the surgery and management planning. The diagnosis has been finalised by the molecular biological classification of the breast cancer subtype. Histopathological analysis (see below) has, further, allowed for distinguishing between BC malignancy and FIA benignancy.
Histopathological analysis
Tumour and lymph node specimens have been fixed in formalin and embedded in paraffin. Basic histological examination has been performed on 4-5-μm-thin slides stained with haematoxylin and eosin. In selected cases, lymph nodes have been stained immunohistochemically to detect potentially disseminated tumour cells or local micrometastases in the tumour's surrounding area. Classical morphological indicators, such as type and histological grade, have been evaluated according to WHO criteria and Nottingham grading modification [20, 21] . The disease graduation and staging (tumour size and lymph node status) have been assessed according to the criteria of the latest TNM classification [22] . BC-specific biological parameters (oestrogen receptors (ER), progesterone receptors (PR) and HER-2 positive status) have been evaluated immunohistochemically; the result interpretation have been performed based on ASCO/CAP criteria released in the years 2010 and 2013 [23] [24] [25] . Tumours have been considered as being ER and PR positive, if at least 1% of neoplastic cells have stained positively. Her-2-positive tumours had to express 3+ reaction in at least 10% of neoplastic cells. Cases with 2+ reaction of Her-2 staining were considered as equivocal and have been analysed by fluorescent in situ hybridisation (FISH) to confirm or exclude Her-2 gene amplification. Conclusive positivity of Her-2 status in tumours has been defined as HER-2/CEP17 ratio ≥2.0 or average HER-2 copy number ≥6.0 signals per cell [24, 25] . The molecular biological classification of breast cancer and consequent patient categorisation utilises the following system of the pathology-specific parameters: a/ER + PR + HER2-Ki67low-luminal A b/ER+/−PR+/−HER2-Ki67high-luminal B c/ ER+/−PR+/−HER2+/Ki67 any-luminal C d/ER-PR-HER2 + Ki67high-Her2-positive e/ER-PR-HER2-Ki67high-Triple-negative breast cancer
Statistical analysis
For analytical and statistical evaluations, the data have been transferred to Microsoft Excel. SPSS Statistics v20.0.0 software (IBM, Armonk, New York, USA) has been applied. The prevalence of individual symptoms in groups of comparison has been evaluated and expressed in percentages. Pearson's chi-square test of associations has been applied. P values equal or below 0.05 have been considered as statistically significant.
Results
Age and menopausal status statistics Table 1 presents statistics provided for individual breast cancer subgroups and the group of comparison comprising breast cancer (BC)-free individuals. The latter demonstrates the parity in menopausal status. Amongst BC patients, the youngest is the Btriple-negative^subgroup presenting 39% of premenopausal women. In contrast, the Bluminal^and BHer2-positive^subgroups both comprise over 90% postmenopausal women.
Evaluation of the prevalence of individual FS symptoms
In Noteworthy, substantial differences have been recorded between individual BC subtypes, even in cases when the resulting BC total prevalence was non-significantly higher compared to BC-free. Hence, in case of the symptom 2 Fig. 1 (continued) -Cluster C (marked in yellow colour) represents the group of symptoms with the prevalence which, in general, is similar for both, BC diseased and BC-free individuals, but varies between individual BC subgroups. Fig. 1 by utilising the following system: with B+^, the group is noted which demonstrates higher prevalence of the corresponding symptom (above the lowest average of the groups of comparison); with B−^, the group is noted which demonstrates lower prevalence of the corresponding symptom (lowest average and below it); B=^means both groups of comparison demonstrate similar prevalence of the corresponding symptom; B++^means values sufficiently over the highest average; B-^means values sufficiently below the highest average; ellipses mark the symptoms which are more prevalent in individual subgroups; ∑criteria summarise the number of symptoms which are more (+) or less (-) prevalent in corresponding sub/groups -Cluster D (marked in red colour) represents a symptom with the prevalence which, in general, is lower for BC-diseased patients, however, varies between individual BC subgroups.
Cluster A represents a consolidate group of symptoms relevant for all BC patients investigated in this study. In contrast, clusters B, C and D demonstrate high level of plurality regarding their prevalence in BC patients investigated.
Discussion
Here, we present highly innovative concepts considering investigation of specific syndromes and symptoms underestimated till now in relationship with BC predisposition and development. Consequently, the purpose of our pilot project was to evaluate potential trends in prevalence of the BFlammer syndrome^(FS) in breast cancer (BC) patient cohort as justified above. For this very first pilot project performed in the field of FS/BC, relatively modest patient numbers have been recruited, which, however, are big enough to estimate potential relevance of FS for BC. A great advantage of the study design is that all participating patients and individuals have been thoroughly examined utilising conventional methodology of medical imaging and laboratory medicine and, consequently, selected for the study strictly according to the including and excluding criteria chosen, namely -breast cancer-free health condition -breast cancer malignancies stratified according to the globally accepted classification -no history of any severe gynaecologic disease including cancer other than breast malignancies -no history of any systemic disease such as diabetes mellitus, rheumatic diseases and neurological disorders.
Since our current project is a pioneer one in the field of FS/ BC, the study has been performed in a hypothesis-free way regarding potential influence of the specific biological parameters such as age, menopausal status and breast cancer-related risk factors (such as a genetic component, smoking, inappropriate alcohol consumption, breast feeding, prolonged menarche, etc.) that represents the main limitation of the current study and requests much higher numbers of the study participants for statistically relevant patient collectives of comparison. In our pilot study, the resulting groups recruited reflect usual profiles of the breast cancer patient cohorts, namely the prevalence of the luminal subtype is significantly higher in BC total compared to both Her2-positive and triple-negative BC; the luminal subgroup is older and about 90% of the patients in luminal and Her2-positive subgroups are postmenopausal in contrast to the triple-negative BC subgroup comprising about 40% of premenopausal women (see Table 1 ). Potential influence of those unmatched parameters on FS prevalence in individual BC subtypes should be investigated additionally by the goaldedicated projects. Consequently, the main goal of our pilot study was to verify the main hypothesis proposing the relevance of FS for BC appearance and to estimate potential trends in correlation individual FS symptoms with BC pathology.
The results achieved here support the main hypothesis of the project clearly demonstrating the tendency of BC patients to an increased prevalence of FS symptoms compared to the disease-free individuals. As summarised in Table 2 , the prevalence of 11 symptoms is higher in breast cancer patients, while only one symptom (8. BAccompanying symptoms^) was demonstrated to be more prevalent in BC-free individuals. Furthermore, even in this case as well as in further three cases of the neutral prevalence (11. BSmell perception^, 12.
BLow body weight in early adulthood^and 13. BPerfectionism^), remarkable differences have been demonstrated, when individual BC subgroups have been compared against each other. This actuality emphasises an extremely strong heterogeneity of the patients within the entire BC cohort. Obviously, FS prevalence does not create any exception regarding BC heterogeneity and therefore motivates followup studies investigating statistically significant correlations between single FS symptoms and specific BC patient profiles. To this end, cluster A (Table 2) as the best consolidate group of symptoms relevant for all BC patients investigated in this study, is expected to be more close to its potential application in daily medical practice by primary care units and family doctors and innovative screening programmes. In contrast, more research efforts are still needed to interpret the symptoms' plurality in clusters B, C and D that might lead to novel approaches in BC patient stratification and more clear discrimination between individual BC subtypes.
What are the main Btake-home messages^of this study?
Concluding remarks and outlook
Breast cancer is a systemic disease
All individual parameters (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , the prevalence of which has been evaluated in the study, are functionally well linked to each other and altogether demonstrate systemic alterations of the affected person. Although individual BC subtypes differ from each other in the prevalence distribution, all of them demonstrate systemic alterations compared to the diseasefree individuals.
Crucial role of the cardiovascular component in the BC pathology
The great advantage of the evaluation system utilising the FSquestionnaire is that several symptoms are used as a conditionspecific biomarker panel being functionally linked to each other and, therefore, eliminate any contingency usually handicapping single biomarkers. Hence, symptoms 1 (BCold extremities^), 2 (BFeeling cold^), 3 (BLow blood pressure^), 4 (BDizziness^), 8 (BAccompanying symptoms^) and 15 (BSkin blotches appearing under stress conditions^) create highly specific biomarker panel demonstrating great synergies in a complex evaluation of impacts by the cardiovascular component. All BC subgroups responded to this panel, although differing by subgroup-specific accents. For instance, whereas luminal BC patients have been recorded as the strongest responders towards BFeeling cold^and BLow blood pressure^, Her-2-positive patients responded strongly towards BLow blood pressure^but mildly towards BFeeling cold^. The meaning of those subgroup-specific differences should be further investigated.
Local and systemic hypoxic effects in BC and metastatic disease
Strong impacts by the above discussed cardiovascular biomarker panel lead to a conclusion about local and systemic hypoxic effects to be expected in BC patients responding to this panel of FS symptoms. The role of these effects in the BC pathology and related metastatic disease emerges deep investigations.
Interpretation of headache, migraine and dizziness in BC
BHeadache^and Bmigraine^are frequently discussed for breast cancer patient cohorts with highly controversial study outcomes and conclusions. The reason for that might be a missing context, which should obligatory include specific biomarker panels by FS symptoms, such as cardiovascular component (see above), altered regulation of pain and thirst (see below).
Altered sense regulation in BC aetiology?
Our study makes it obvious that BC patients may suffer from altered systems of the sense regulation and relevant receptors, due to their response to the biomarker panel comprising the following symptoms: 6 (BThirst regulation^), 7 (BHeadache^), 10 (BPain^) and 11 (BSmell perception^). Functional links between these symptoms make a good sense for potential interpretations. Hence, underrepresented feeling of thirst may result in strong body dehydration and disturbed detoxification pathways, which in turn may cause significant toxic effects increasing BC risks as discussed in the recently published article BFeeling cold and other underestimated symptoms in breast cancer: anecdotes or individual profiles for advanced patient stratification?^ [2] . Body dehydration and insufficient detoxification may synergistically lead to increased frequency of headache which is a very useful indicator of impaired systemic regulations. Contextually, pain (e.g. headache) plays a crucial role indicating systemically impaired processes. To this end, symptom 10 (BPain^) provides very important information recording, on one side, the highest responder rates in the luminal (78.4%), and on the other side, the lowest rates in the triplenegative BC (38.9%). This is a very strong indication to investigate pain regulation specifically in the triplenegative BC patients who might be potentially pain resistant and, therefore, inadequately reacting towards corresponding stimuli.
Drug sensitivity may be potentially altered in BC Symptom 9 has recorded the highest responder rates in the Her-2-positive BC. This may potentially indicate altered drug sensitivity in BC patients suffering from FS. Altered drug sensitivity has been demonstrated for FS individuals and glaucoma patients with FS [3, 7, 26] .
Thermoregulation symptoms in BC pathology
The symptom 1 (BCold extremities^) is clearly linked to the disturbed microcirculation and consequently to the local and systemic hypoxic effects discussed above. However, the meaning of BFeeling cold^(symptom 2) may have different interpretations. Therefore, the prevalence of both symptoms is not obligatory correlating completely in the same groups of comparison as it has been demonstrated in our study. Indeed, BC patients complain more frequently about deficits in achieving thermal comfort: they feel excessively hot or cold even in situations when disease-free attendees are well comfortable with ambient temperature conditions [27] . BFeeling inadequately cold^may be interpreted in two ways. First, the heat production is not effective enough to maintain the physiologic body temperature, and the systemic mitochondrial dysfunction and DNA damage/misguided repair have been proposed as implemented in the BC pathology [28, 29] . The second interpretation is the fever or fever-like conditions with excessive chill attacks regulated by proinflammatory cytokines, the expression profiles of which are frequently altered in cancer patients [30] . More detailed discussion on the matter is presented in the recently published article [2] .
Body shape impacts BC
Evaluation of the symptom 12 has revealed the strong subgroup specificity in BC regarding body weight in early adulthood: while luminal BC subtype demonstrates the lowest prevalence by 47%, obviously low body weight in early adulthood is highly prevalent in both Her2-positive and triplenegative BC subtypes by 69% and 72%, respectively. This actuality creates questions regarding body shape impacts in BC pathology as discussed earlier [1] .
The role of psychological factors in BC pathology
Psychological factors play a role in BC predisposition, progression and individual outcomes. The biomarker panel comprising symptoms 5 (BSleep onset^), 11 (BSmell perception^) and 13 (BPerfectionism^) strongly promote this concept and motivate additional studies estimating the impacts of psychological factors and concomitantly regulated patho/ physiological process in BC pathology.
